Sphingolipid symmetry governs membrane lipid raft structure.
Lipid domain formation in membranes underlies the concept of rafts but their structure is controversial because the key role of cholesterol has been challenged. The configuration of glycosphingolipid receptors for agonists, bacterial toxins and enveloped viruses in plasma membrane rafts appears to be an important factor governing ligand binding and infectivity but the details are as yet unresolved. I have used X-ray diffraction methods to examine how cholesterol affects the distribution of glycosphingolipid in aqueous dispersions of an equimolar mixture of cholesterol and egg-sphingomyelin containing different proportions of glucosylceramide from human extracts. Three coexisting liquid-ordered bilayer structures are observed at 37°C in mixtures containing up to 20mol% glycosphingolipid. All the cholesterol was sequestered in one bilayer with the minimum amount of sphingomyelin (33mol%) to prevent formation of cholesterol crystals. The other two bilayers consisted of sphingomyelin and glucosylceramide. Asymmetric molecular species of glucosylceramide with N-acyl chains longer than 20 carbons form an equimolar complex with sphingomyelin in which the glycosidic residues are arranged in hexagonal array. Symmetric molecular species mix with sphingomyelin in proportions less than equimolar to form quasicrystalline bilayers. When the glycosphingolipid exceeds equimolar proportions with sphingomyelin cholesterol is incorporated into the structure and formation of a gel phase of glucosylceramide is prevented. The demonstration of particular structural features of ceramide molecular species combined with the diversity of sugar residues of glycosphingolipid classes paves the way for a rational approach to understanding the functional specificity of lipid rafts and how they are coupled across cell membranes.